INTRODUCTION {#sec1-1}
============

The anticancer drug of cis-diamminedichloroplatinum (II) or cisplatin (CIS) (EBEWE Pharma, Unterach, Austria) is widely used for the treatment of many solid tumors. Due to, the effectiveness of CIS achieves only by high doses, the occurrence of side-effects are common that limit the clinical usage of the drug. Although, low doses of the drug induce pathological signs in laboratory animals.\[[@ref1][@ref2]\]

Nephrotoxicity is the most prominent side-effect of CIS that occur in over 30% of treated patients.\[[@ref3]\] Tubular cell death, tissue damage, and the loss of renal function or acute renal failure in the rat are shown after administration to CIS.\[[@ref4][@ref5]\]

The molecular mechanisms involve in CIS-induced nephrotoxicity are the formation of reactive oxygen species (ROS),\[[@ref6]\] inducible nitric oxide synthase\[[@ref7]\] and also decrease in antioxidant enzymes.\[[@ref8]\] *Tribulus terrestris* (TT) plant is a member of the Zygophyllacea family, grows in tropical and moderate areas, including the US and Mexico, the Mediterranean region, and throughout Asia.\[[@ref9]\] In folk medicine, TT is used as tonic, aphrodisiac, analgesic, astringent, stomachic, antihypertensive, diuretic, lithon-triptic and urinary anti-infective.\[[@ref9][@ref10][@ref11]\] Moreover, TT extract is mainly used for kidney disorders and the fruit removes gravel from the urine and stone in the bladder.\[[@ref12]\]

Because TT has been used to improve renal function in various regions of the world, the present study has been conducted to find the protective effect of TT extract on CIS-induced Nephrotoxicity in mice. In this regards, histopathological evaluation of the kidney tissue was performed.

METHODS {#sec1-2}
=======

Animals {#sec2-1}
-------

Inbred male Balb/c mice (30 ± 2 g) were obtained from a closed bred colony at the University. All animals received care as recommended by the Research Committee of the University. The mice were maintained on a regular diet and water at a 12:12 h light: Dark cycle without any stressful stimuli at 23°C ± 2°C. The animals were provided with standard diet pellets and water *ad libitum*. Experiments were started after 1-week of adaptation. All experiments were carried out according to the guidelines of the animal care and use committee at the university.

Drugs {#sec2-2}
-----

Cisplatin (EBEWE Pharma, Unterach, Austria) was dissolved in saline in darkness, 10--15 min before use and an interaperitoneal injection (5.5 mg/kg) was given at the 1^st^ day of experiment.\[[@ref13]\]

Preparation of plant extract {#sec2-3}
----------------------------

*Tribulus terrestris* was purchased from a traditional medicine center and identified and authenticated by a botanist from Kermanshah Razi University. Extracting method was described previously.\[[@ref14]\] In this method, TT fruit (200 g) were powdered and added to 400 cc of 70% ethanol and were left to macerate at room temperature for 4 h. Then, the soaked seeds were extracted by percolation method and the obtained extract was concentrated in a vacuum and was dried in the flat surface. The weight of the obtained extract was 6.5 g. The extract was dissolved in distilled water and was immediately administered interaperitoneally to mice, expressed as mg per kg of body weight for 4 days followed by CIS injection.

Experimental procedure {#sec2-4}
----------------------

Thirty mice were divided into five groups (*n* = 6). The first group (control) received normal saline (0.9% NaCl). Experimental groups were treated with CIS (E1), CIS + 100 mg/kg extract of TT (E2), CIS + 300 mg/kg extract of TT (E3), CIS + 500 mg/kg extract of TT (E4). Body weights of the mice were recorded initially and at the end of the experimental procedure (day 5). Weights of the kidneys were also noted.

Histopathological observations {#sec2-5}
------------------------------

The mice sacrified by cervical dislocation and removed kidneys were weighted then fixed in 10% neutral buffered formalin. The paraffin blocks were prepared and were cut in 5 am thick sections, which were stained with hematoxylin and eosin and examined by light microscope at × 100 and × 400 magnifications. Kidney\'s tissue changes were measured using a specialized software package (AE-3; Motic S.L.U., Barcelona, Catalonia, Spain). For this reason, 150 random cross-sections were examined at × 100 and × 400 magnifications, totaling 5 sections/animal.\[[@ref15]\] The degree of renal histopathological damages in terms of increase in Bowman\'s space, tubular cells necrosis and vascular congestion were measured. Increase in Bowman\'s space in mice that presented the greatest changes in comparison with the control group was considered as 100% damage.

In the rest of the mice, the degree of these damages was measured by comparing them with this group. Other changes, such as cell necrosis and vascular congestion, were measured as the percentage of the total area under microscopic study that had been damaged. Scoring the level of histological damages was done as zero for no damage, 1 for 1--20% damage, 2 for 21--40%, 3 for 41--60%, 4 for 61--80%, and 5 for 81--100%. Then, the total histopathological score was calculated, which was equal to the total score of different damages.\[[@ref16][@ref17][@ref18]\]

Statistical analyses {#sec2-6}
--------------------

In this experimental study; all variables were presented as mean ± standard error. For making intergroup comparisons in terms of kidney weight, the one way analysis of variance with Tukey\'s *post-hoc* test were used. Mice were weighted before and after injection of the test paired-sample *t*-test were compared. The comparison of total histopathological scores between the groups was made by nonparametric Kruskal--Wallis and Mann--Whitney tests. All statistical analyses were done using the SPSS software (Statistical Package for the Social Sciences, version 16.5, SPSS Inc., Chicago, Illinois, USA). *P* \< 0.05 were considered as significant.

RESULTS {#sec1-3}
=======

The data showed that there were no significant differences in the body weight before and after the experiments in control, E3, and E4 groups (*P* \> 0.05) \[[Figure 1](#F1){ref-type="fig"}\]. While the body weight was reduced at the end of the experiments in CIS (E1) (*P* = 0.004) and CIS + 100 mg/kg extract of TT groups (E2) (*P* = 0.011). The weight of the kidneys in comparison with control group were significantly decreased in E1 (*P* = 0.002) group but there was not changed in other ones (*P* \> 0.05) \[[Table 1](#T1){ref-type="table"} and [Figure 2](#F2){ref-type="fig"}\].

![The effect of toxic dose of cisplatin (CIS) (5.5 mg/kg) and different doses of TT on total body weights in the mice (left bar of the pairs is initial weights and the right bar is end weights). The groups (X axis) are control: not treated, E1: CIS, E2: CIS + *Tribulus Terrestris* (TT) (100 mg/kg), E3: CIS + TT (300 mg/kg), E4: CIS + TT (500 mg/kg). (\**P* \< 0.05, \*\**P* \< 0.01)](IJPVM-6-11-g001){#F1}

###### 

The effects of intraperitoneal TT extract administmiceion on total body weights in the mice

![](IJPVM-6-11-g002)

![The effect of toxic dose of cisplatin (CIS) (5.5 mg/kg) and different doses of *Tribulus terrestris* (TT) on the kidneys weights. The groups (X axis) are Control: not treated, E1: CIS, E2: CIS + TT (100 mg/kg), E3: CIS + TT (300 mg/kg), E4: CIS + TT (500 mg/kg). (\*\**P* \< 0.01 in comparison with the control group)](IJPVM-6-11-g003){#F2}

The histopathological changes {#sec2-7}
=============================

There was no histopathological damage in control group and the scores for all histopathological parameters including; Bowman\'s space, cortical tubular necrosis, medullar tubular necrosis and total damage score were zero \[[Table 2](#T2){ref-type="table"} and [Figure 3](#F3){ref-type="fig"}\]. All histopathological parameters showed significant damage in E1 (CIS treated) group compared to control one \[[Table 2](#T2){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}\]. Indeed, Bowman\'s space was increased \[[Figure 3](#F3){ref-type="fig"}\] with a significant score (V) (*P* \< 0.01) \[[Table 2](#T2){ref-type="table"}\], cortical and medullar tubular necrosis were observed \[Figures [4](#F4){ref-type="fig"} and [5](#F5){ref-type="fig"}\] with score (III) that showed significant increased (*P* ≤ 0.01) \[[Table 2](#T2){ref-type="table"}\] and finally, total damage score\[[@ref11]\] was increased.

###### 

The effects of intraperitoneal TT administration on renal histopathological scores induced by CIS

![](IJPVM-6-11-g004)

![Microscopic view of the Bowman space widening. (a) Control group, (b) Cisplatin (CIS) group, (c) CIS + *Tribulus terrestris* (TT) (100 mg/kg), (d) CIS + TT (300 mg/kg), (e) CIS + TT (500 mg/kg) group (H and E, ×100 and ×400)](IJPVM-6-11-g005){#F3}

![Microscopic view of the renal cortex with tubular cells necrosis. (a) Control group, (b) cisplatin (CIS) group, (c) CIS + *Tribulus terrestris* (TT) (100 mg/kg), (d) CIS + TT (300 mg/kg), (e) CIS + TT (500 mg/kg) group (H and E, ×400)](IJPVM-6-11-g006){#F4}

![Microscopic view of the renal medulla with tubular cells necrosis. (a) Control group; (b), cisplatin (CIS) group; (c) CIS + *Tribulus terrestris* (TT) (100 mg/kg); (d) CIS + TT (300 mg/kg); (e) CIS + TT (500 mg/kg) group (H and E, ×400)](IJPVM-6-11-g007){#F5}

The histopathological data in E2, E3, E4 (CIS + 3 doses of TT extract) groups were somehow nearer to control group \[[Table 2](#T2){ref-type="table"}\]. The score of Bowman\'s space was II in E2, E3 groups that were showed significant differences. Surprisingly, the score of Bowman\'s space was 0 in E4 group (CIS + 500 mg/kg of TT extract) that showed no significant differences with control one \[[Table 2](#T2){ref-type="table"}\]. The medullary tubular necrosis was observed in E2--E4 groups with score I that showed significantly increased against control one (*P* \< 0.01).

Hence, this parameter was diminished in comparison with CIS (E1) 1 (*P* \< 0.05) in all three TT extract treated groups (E2--E4). The rate of medullar tubular necrosis in comparison with CIS (E1) group was decreased in E2 with score of II (*P* \< 0.05) and E3, E4 with score of I (*P* \< 0.01). Finally, total damage score in E1 (CIS) group was 11 that showed significant increase in comparison with control (*P* \< 0.01), but the rate of this damage was in E2 group diminished to 5, in E3 to 4 and in E4 to 2 \[[Table 2](#T2){ref-type="table"}\].

DISCUSSION {#sec1-4}
==========

In CIS group, there was a significant declination in the weight of animals. This data supported other studies that indicated reductions in body weight could be attributable to toxic side-effect of CIS.\[[@ref19][@ref20]\] Moreover, previously we showed that 14 days after one cytotoxic exposure of CIS, the weight of the mice was decreased.\[[@ref15]\] It seems that inflammatory responses as long as releasing in the weight of animals are acute consequence of CIS administration that occurs during 3--4 days after exposure.\[[@ref21]\] The present study adds that diminishing the weight of animals could be observed after 4 days of CIS exposure and as an irreversible side effect, maintains up to 14 days that we showed previously.\[[@ref15]\] Kidney is susceptible to injury by chemotherapeutic drugs due to of its function to exclude toxic agents. Inflammatory cytokines, chemokines and adhesion molecules, as well as production of oxygen free radicals, are considered as the main cause of CIS-induced nephrotoxicity that could be hazardous 3 days after one cytotoxic injection of CIS.\[[@ref6][@ref21]\] Applications of diuretic drugs are the main clinical treatment for overcome renal failure induced by CIS.\[[@ref22][@ref23]\] Diuretic drugs relieve accumulation of CIS in renal tissue by increasing the excretion of the drug. Decreasing reuptake of sodium in renal tubules (natriuresis) that leads to excretion of other minerals and also water is the mechanism of action of diuretic drugs. The diuretic effect of TT extract also is been shown.\[[@ref24]\]

Thus, decreasing renal side effects of CIS could be considered by diuretic effect of the plant. On the other hand, many studies showed that medicinal plants have major natural antioxidant compounds that could decline side-effects of the drugs on the tissues like kidneys.\[[@ref25][@ref26]\] In this regards, Kavitha and Jagadeesan showed that TT extract could decrease renal side - effects of mercuric chloride by increasing antioxidant enzymes.\[[@ref12]\] Although there was no report to show the antioxidant activity of TT extract on CIS induced nephrotoxicity, due to of similarity of action of mercuric chloride and CIS on nephrotoxicity we can consider this effect of the plant for relieving nephrotoxicity in present study. Finally, the presence of organic cation transporters (OCT) could be explained as fourth mechanism involving in TT extract protection against CIS induced nephrotoxicity. OCT is transmembrane proteins that are distributed in proximal tubules of the renal cortex. They act to reuptake and accumulate of CIS to kidney tissue.\[[@ref27]\] In the present study, the widespread necrosis in proximal tubules as long as the presence of tubular blocks in of CIS treated mice could be referred to the action of OCT specially OCT2. These data are in parallel with the others that showed accumulation of CIS in proximal tubules increased production of ROS and were responsible for the induction of nephrotoxicity.\[[@ref16]\] Furthermore, tubular necrosis causes prohibition of urine outflow that leads to increasing in Bowman\'s pressure\[[@ref16][@ref28]\] that shown itself in the present study by increasing In Bowman\'s space of CIS treated mice. In conclusion, CIS induces its nephrotoxicity by production of free radicals such as ROS that leads to the inflammatory process by showing histopathological characteristics such as tubular necrosis and increasing in Bowman\'s space. TT extract may reliefs the nephrotoxicity of CIS by increasing the excretion of the drug, scavenging the free radicals by its antioxidant activity, suppressing inflammatory agents and also acting on OCT2 proteins.

CONCLUSIONS {#sec1-5}
===========

The present study showed that hydroalcoholic extract of TT may protect the kidney tissue by diminishing histological alteration induced by cisplatin. This nephrotoxicity protection of TT could be seen both in cortex and medulla of subjected rats. Diuretic and antioxidant activity of TT could explain the results of present study. However, there are needed more researches to clear which activity is more potent in nephrotoxicity protection of TT.
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